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providing an A/D 




coupled to receive the 



signals from the transmission medium; 

providing a sampling clock signal at a sampling clock 
freguency equal to the characteristic occurrence frequency of 
received signal characteristic values; 

sampling the received signals in the A/D converter at the 
sampling clock frequency; 

generating sigAal samples at the sampling clock 
frequency, each signal sampVLe being output from the A/D at a time 
assumed to correspond to the\ occurrence of a signal characteristic 
value; 

processing each signal sample in a timing recovery 
circuit coupled, in feedback fashion, between the output Of the A/D 
and a sampling clock input thereto; 

determining whether\ the occurrence of a signal 
characteristic value leads or lWgs the sampling clock signal in 
phase; and 

adjusting! the phase of \ the sampling clock signal such 
that each signal sample is output from the A/D at a time that 
actually corresponds! to the /occurreVice of a signal characteristic 
value, a sampling \ clock/ phase thereby being locked to a 
corresponding phase or a signal characteristic value. 



1 146. The method according to claim 145, wherein the received 

2 signals are analog signals disposed in Jackets, the characteristic 

3 values of the analog signals defining signal peaks and signal zero 

4 crossings . 
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147 . The method according to claim 145, the packets of analog 
signals being divided into a first region comprising timing signals 
and a second region Xcomprising data signals, the method further 
comprising : 

sampling the Yeceived data signals in the A/D converter 
at the sampling clock kreguencv, wherein the data signals are 
sampled after the phase Vf the sampling clock signal has been 
locked to the phase of a signal characteristic value of the timing 
signals . 



-r- I'S '.'J 

JAB . The method according to claim 1A1 , wherein the data 



2 signals of each packet are characterized by a plurality of analog 

3 • amplitude values, the values of the analog amplitudes defining 

4 information content, the analog amplitude values of the data 

5 signals being converted to digital representations thereof by the 

6 A/D converter after the phase of the sampling clock signal has been 

7 locked to the phase of a signal characteristic value of the timing 

8 signals . 

1 1A9 . The method according to claim IAS, further comprising: 

2 sampling the received data signals in the A/D converter 

3 at the sampling clock frequency; 

4 generating data signal samples at the sampling clock 

5 • freguencv, each data signal sample being output from the A/D at a 

6 time assumed to correspond to the occurrence of a signal 

7 characteristic value of the data signals; 

8 processing each data signal sample in the timing recovery 
—9 circuit; 
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determining whether the occurrence of a data signal 



characteristic value leads or lags the sampling clock signal in 
phase; and 

adjusting the phase of the sampling clock signal such 
that the sampling clock phase is thereby locked to a corresponding 
phase of a data signal characteristic value. 

15fu. The method according to claim \fi(3. wherein the phase 
adjustment step adjusts the phase of the sampling clock signal in 
discrete amounts, and wherein the discrete amount of phase 
adjustment is greater when the phase adjustment step is performed 
in conjunction with the timing signals than when performed in 
conjunction with the data signals. 

iif m 

lol . The method according to claim \#) , wherein the first 
packet region comprises a particular number of timing signals and 
wherein the phase adjustment step is performed in operative 
response to a first subset of the particular number of timing 
signals . 



152 . In a bidirectional communication system, a method of 
processing signal packets received through a multi-pair 
transmission medium, the signal packets including a plurality of 
signals having characteristic values occurring at a characteristic 
frequency, the method comprising:^ 

providing a sampling clock signal at a sampling clock 
freguency egual to the characterist ijc Occurrence freguencv of 
received signal characteristic vaPues, 
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predicting an occurrence time corresponding to the 
characteristic occurrence \ frequency of received signal 
characteristic values; 

sampling the received signals at the sampling clock 
freguencv and at the predicted occurrence time to thereby generate 
signal samples at the sampling cAock frequency, each signal sample 
assumed to correspond to the occurrence of a signal characteristic 
value; 

processing the signal Nsamples in high gain error 
generator, the high gain error generator determining whether the 
occurrence of a signal characteristvLc value leads or lags the 
sampling clock signal\in ph4se; and 

adjusting the pwase of the sampling clock signal such 
that each signal sample is generated \at a time that actually 
corresponds to the occurrence of a signal \characteristic value, the 
sampling clock having an occurrence time\ locked in phase with a 
corresponding occurrence of a signal characteristic value. 



1 153 . The method according Nto claim 152, the signals of each 

2 packet being characterized by plurality of analog amplitude 
ilues. the values of the analog\ amplitudes defining information 

j.-. consent, the method further comprising: 

^y*] \ dividing the packets of\ analog signals into a first 

\6 • regiah comprising timing signals a\d a second region comprising 

7C . Jdata signals; and 

8 converting the analog amplitude values of the data 

9 signals to digital representations thereof by an A/D converter 

10 after the occurrence time of the sampling clock signal has been 

11 locked to the occurrence time of a signaA characteristic value of 

12 the timing signals 
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154 . In a bidirectional communication system, a method of 
processing signal packets received through a multi-pair 
transmission medium. the\ signal packets including a plurality of 
timing signals having successive amplitude peaks and zero crossings 
occurring at a characteristic freguency. the method comprising: 

providing a sampYLing clock signal at a sampling clock 
frequency equal to the characteristic occurrence frequency of 
received signal peaks and ze\ro crossings; 

predicting an occurrence time corresponding to the 
characteristic occurrence frequency of received signal peaks and 
zero crossings; 

sampling the received signals at the sampling clock 
frequency and- at the predicted occurrence time to thereby generate 
signal samples at the sampling clock frequency, each signal sample 
assumed to correspond to the occurrence of a signal peak or zero 
crossing; 

processing the signal \ samples in high gain error 
generator, the high gain error generator determining whether the 
occurrence of a signal f^pe-ak or signal zero crossing leads or lags 



the sampling clock signal in phase; and 

adjusting the phase of the\ sampling clock signal such 
that each signal sample is generated at a time that actually 
corresponds to the occurrence of a signal peak or signal zero 
crossing, the sampling cu.ock having an \pccurrence time locked in 
phase with the occurrence \of a signal peak or signal zero crossing. 



1 155 . The method according to claim 1^4, the signal packets 

2 further including a plurality of data signals, wherein the data 

3 signals of each packet are characterized by\a plurality of analog 

4 amplitude values, the values of the analogy amplitudes defining 
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5 information content, the knalog amplitude values of the data 

6 signals being converted to digital representations thereof by an 

7 A/D converter after the phase V>f the sampling clock signal has been 

8 locked in phase with the occurrence of a signal peak or signal zero 

9 crossing of the timing signals. \ 
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156 . In a bidirectional communication system, a method of 
processing signal packets reoeived through a multi-pair 
transmission medium, the signal packets including a plurality of 
timing signals, each timing signal \having a particular one of a 
plurality of analog amplitude values\the timing signals occurring 
at a characteristic frequency, the method comprising: 

providing a sampling clock signal at a sampling clock 
frequency equal to the characteristic\ occurrence freguencv of 
received timing signal analog values; 

predicting an /occurrence time\ corresponding to the 
characteristic occurrence frequency of seceived timing signal 



analog values; 

sampling the analog values of the received timing signals 
at the sampling clock frequency and at the predicted occurrence 
time to thereby generate \signal samples at Vhe sampling clock 
frequency, each signal sample assumed to correspond to the 
occurrence of a timing signal analog value; 

processing the signal samples in a high gain error 
generator, the high gain error generator determining whether the 
occurrence of a timing signal analog value leadsy or lags the 
sampling clock signal in phase; and 

adjusting the phase of the sampling clock \signal such 
that each signal sample is generated at a time that actually 
corresponds to the occurrence of a timing signal analog value, the 
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sampling clock having an occurrence time locked in phase with a 
corresponding occurrence of\a timing signal analog value. 



157 . The method according to claim 156, the signal packets 
further including a plurality^ of data signals, each data signal 
having a particular one of a plurality of analog amplitude values 
thereby defining information^ content and occurring at a 
characteristic frequency egual tq the timing signal frequency, the 
method further comprising: 

predicting an occurrence time corresponding to the 
* characteristic occurrence frequency^ of received data signal analog 
values ; 

sampling the analog values\of the received data signals 
at the sampling clock frequency and \at the predicted occurrence 
time to thereby generate a first signal sample at the sampling 
clock frequency, the first signal sample assumed to correspond to 
the occurrence of a f irst/^particular dana signal analog valuer- 



processing th 



adaptive equalizer to 



data signals through a fully digital 



hereby generate a symbol representation 



corresponding to at least a second particular data signal analog 
value; 

processing thfe first signal' sample and the symbol 
representation in a low qtain error generatorv the low gain error 



generator determining wh 
symbol representation lea 




ccurrence of a data signal 
the sampljVig clock signal in 



phase; and 

adjusting the phase of the sampling c\Lock signal such 
that each data signal analog value is sampled >at a time that 
actually corresponds to the occurrence of a data\ signal analog 
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value, the sampling clock having an occurrence time locked in phase 
with a corresponding occurrence of a data signal analog value. 



158 . In a bidirectional communication system, a method of 
processing signal packets received through a multi-pair 
transmission medium, each packen including timing signals, the 
timing signals oscillating at a characteristic frequency between 
amplitudes of +1 and -1 with zer\o crossings therebetween, the 
method comprising: 

providing an A/D converter, coupled to receive the 
signals from the transmission mediumA 
i providing a sampling clock \signal at a sampling clock 

freguency four times the oscillation \ frequency of the timing 
signals ; 

sampling the received timing signals in the A/D converter . 
at the sampling clock frequency; 

generating signal samples at\ the sampling clock 
freguency, each signal sample being outputxfrom the A/D at a time 



assumed to correspond 



o the occurrence of\a +1 amplitude, a -1 



amplitude or a zero -crossing; 



providing a high gain error generation circuit coupled, 
in feedback fashion, between the output of the\A/D and a sampling 
clock input thereto; 

processing each \signal aample in the\ high gain error 
generation circuit, the eruror circuit determining a difference 
between a predicted time or — occurrence and an Yactual time of 
occurrence of an indication of a zero crossing from\a +1 amplitude 
or from a -1 amplitude and outputting a metric signal\corresponding 
to said difference; and 
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adjusting the phase of the sampling clock signal in 
accordance with the metric signal such that each signal sample is 
output from, the A/D at \a time that actually corresponds to the 
occurrence of a +1 amplitude, a -1 amplitude or a zero crossing 



thereby locking the sampling clock in phase with the occurrence of 
a timing signal amplitude peak or zero crossing. 



1 159 . The method according to claim 158, the signal packets 

2 further including a plurality of data signals, wherein the data 

3 ■ signals of each packet are characterized by a plurality of analog 

4 amplitude values, the values V)f the analog amplitudes defining 
information content, the analog amplitude values of the data 
signals being converted to digital representations thereof by an 
A/D converter after the phase of t\he sampling clock signal has been 
locked in phase with the- occurrence of a timing signal amplitude 
peak or signal zero crossing, 
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160 . In a multi-pair bidirectional communication system, a 



method of operating on received signals defining signal packets, 



each signal packet including a plurality of analog signals, the 



method comprising: 

providing an\ analog to digital (A/D) converter; 

receiving the pluralit/V of analog signals; 

converting the plura/Lity of analog signals to digital 
signals representative th^erec>'f / in the A/D converter and outputting 
said signals; 

providing a timing recovery circuit, the timing recovery 
circuit coupled to the output of the A/D converter and receiving 
the digital signals; 
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13 evaluating a phase characteristic of the digital signals 

14 in the timing recovery \circuit so as to develop timing recovery 

15 signals representative of changes in a characteristic occurrence 

16 frequency of the digital \signals ; 

17 regulating a sampling clock phase and frequency in 

18 accordance with the timing\ recovery signals; and 

19 coupling the sampling clock to the A/D converter, the 

20 A/D converter converting analog signals to digital signals and 

21 outputting said digital signals in accordance with timing intervals 

22 defined by the sampling clock: 
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161 . The method according tte» claim 160, wherein the multi-pair 
bidirectional communication system comprises four unshielded 
twisted wire pairs defining a local area network, the four pairs 
further comprising a first pair aViapted for signal transmission, 
second and third pairs adapte\d for bidirectional signal 
transmission and reception and a fourth pair adapted for reception, 



162 . The method according to claUm 160, further comprising: 



providing 



an input coupled to 



a automatic gain /control (AGO circuit having 
eceive analog si/gna\ls and an output coupled to 



the A/D converter; 

providing kn AGC cont/rol lobp circuit coupled, in 
feedback fashion, between the output of- the A/D converter and the 



:irg{jit 



AGC, the AGC control laop cirguit receiving the digital signals 
output by the A/D converter— atid generating a Vain control signal in 
operative response thereto; and 

controlling the operation of the AGC circuit with the 
gain control signal, such that the gain of the received analog 
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signals is regulated, in \feedback fashion, in accordance with 
regulated gain of the digital signals output by the A/D converter. 




163 . The method according to claim 162, further comprising: 
encoding each of the plurality of analog signals to one 

of three analog amplitude levels, thereby representing information 
content; 

recovering said information content from the digital 
signals output from the A/D converter, after the gain of the 
received analog signals is regulated. 

164 . In a multi-pair bidirectional communication system, a 
method of operating on received signals defining signal packets, 
each signal packet including a plurality of analog signals, each 
analog signal encoded into discrete amplitude levels, thereby 
representing information content, the method comprising: 

providing an analog to digital (A/D) converter; 
receiving thi^plurality of analog signals; 



signals representative 



converting t.he plurality of \analog signals to digital 



thereof in the A/b converter and outputting 



said signals; 

providing a automatic /gain control (AGO circuit having 
an input coupled to receive analog signals and an output coupled to 
the A/D converter; 

providing an AGC control loop \circuit coupled, in 
feedback fashion, between the output of the AyD converter and the 
AGC, the AGC control loop circuit receiving Vhe digital signals 
output by the A/D converter and generating a gaii^ control signal in 
operative response thereto; and 
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controlling the Operation of the AGC circuit with the 
gain control signal, such nhat the gain of the received analog 
signals is regulated, in feedback fashion, in accordance with 
regulated gain of the digital\signals output by the A/D converter. 



165 . The method according \to claim 164, further comprising the 
step of recovering said information content from the digital 
signals output from the A/D converter, after the gain of the 
received analog signals is regulated. 
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166 . The method according to\claim 165, wherein the multi-pair 
bidirectional communication system comprises four unshielded 
twisted wire pairs defining a local area network, the four pairs 
further comprising a first pair aaapted for signal transmission, 
second and third pairs adapted for bidirectional signal 
transmission and recep-fe-ion and a four\th pair adapted for reception, 



167 . In a multi 



method of operating 



-pair bidirectional communication system, a 



on received signals defining signal packets. 



each signal packet including a plurality of analog signals, each 



analog signal encoded into dl/screte amplitude levels, thereby 
representing information content, the method comprising: 

providing anVanalgg to digital \ (A/D) converter; 

receiving the plurality of analog signals; 

converting the plurality of analog signals to digital 
signals representative thereof in the A/D converter and outputting 
said signals; 

providing a fully digital adaptive\ equalizer coupled to 
receive digital signals from the output of th\e A/D converter; 
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13 adaptively equalizing the digital signals so as to 

14 produce compensated digita\l signals representing information 

15 content; and 

16 recovering the information content of the digital signals 

17 after the adaptive equalization step. 



1 168 . The method according Vto claim 167, further comprising: 

2 providing a timing recovery circuit, the timing recovery 

3 circuit coupled to the output o^ the A/D converter and receiving 
the digital signals; 

5 x * evaluating a phase characteristic of the digital signals 

in the timing recovery circuit so\as to develop timing recovery 
signals representative of changes \n a characteristic occurrence 

8 frequency of the digital signals; 

9 regulating a sampling clock phase and frequency in 

10 accordance with the timing recovery signals; and 

11 coupling the sampling clock \to the A/D converter, the 

12 A/D converter converting/ analog signals to digital signals and 

13 outputting said digital sljgnals in accordance with timing intervals 
14 



defined by the sampling c 



ock, 



1 169 . The method according to claim 16&, further comprising: 

2 providing a automatic gain control (AGO circuit having 

3 • an input coupled to receive anaLog signals angji an output coupled to 

4 the A/D converter; 

5 providing an AGC control loop circuit coupled, in 

6 feedback fashion, between the output of the A/ID converter and the 

7 AGC, the AGC control loop circuit receiving the digital signals 

8 output by the A/D converter and generating a gain\control signal in 

9 operative response thereto; and 
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10 controlling the operation of the AGC circuit with the 

H ' gain control signal, such tfoat the gain of the received analog 

12 signals is regulated, in feedback fashion, in accordance with 

13 regulated gain of the digital signals output by the A/D converter. 



1 

2 
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170 . The method according to claim 167, wherein the multi-pair 
bidirectional communication system comprises four unshielded 
twisted wire pairs defining a local area network, the four pairs 
further comprising a first pair aaapted for signal transmission, 
second and third pairs adapted for bidirectional signal 
transmission and reception and a fourth pair adapted for reception, 
the analog signals being received from at least one of the second, 
third or fourth wire pairs, T^he methoa further comprising; 

providing a automatic gain control (AGC) circuit having 



an input coupled to receive analog signaus and an output coupled to 



the A/D converter; 

providing ari 



feedback fashion, betwe 
AGC, the AGC control lo^ 



output by the A/D convert 
operative response theret 




loop circuit coupled, in 



of the A/D converter and the 



receiving the digital signals 



rating a gain control signal in 



controlling the opreration of the AGC circuit with the 
gain control signal, such that the gain of th^e received analog 
signals is regulated, in feedback fashion, in\ accordance with 
regulated gain of the digital signals output by the* A/D converter. 
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